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Abstract 

Background:  Papillary thyroid carcinoma (PTC) is the most common histological type of thyroid malignancy that 
tends to metastasize to cervical lymph nodes. In the present study, we aimed to investigate which clinicopathologic 
and ultrasound features of PTC are associated with clinical lymph node metastasis (LNM) and numbers of pathological 
LNM.

Methods:  From January 2016 to December 2018, we identified a cohort of patients with PTC who underwent 
cervical ultrasonography and were diagnosed through operation and pathology. Clinical N1(cN1) and > 5 pathologic 
N1(pN1) were considered in the postoperative stratification to have an intermediate risk according to the 2015 ATA 
guidelines. Clinicopathological and ultrasound features in PTC patients were performed in accordance with the inde-
pendent risk factors of cN1 and > 5pN1 respectively by using the univariate and multivariate analyses.

Results:  We collected 748 PTC patients in the final inclusion criteria. There were 688 cN0 cases and 60 cN1 cases. 
From the analyses, primary tumor size > 2 cm, capsule contact, extrathyroidal extensions (ETE) and central LNM 
remained independent risk factors for cN1 in PTC patients. In the 748 PTC patients, 707 cases had ≤ 5 pN1, and 41 
cases had > 5 pN1. Multifocality, primary tumor size > 2 cm, capsule contact and ETE are significant independent risk 
factors for > 5 pN1. 

Conclusions:  We concluded that multifocality, primary tumor size > 2 cm, capsule contact, ETE and central LNM 
were independent risk factors for the intermediate risk stratification in patients with PTC. Ultrasonography is a good 
technique for the preoperative lymph node staging of PTC and is helpful for detecting LNM.
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Background
Papillary thyroid carcinoma (PTC) is the most com-
mon histological type of thyroid malignancy and tends 
to metastasize to the cervical lymph nodes (LNs). For-
tunately, PTC rarely becomes life threatening, and 
patients mostly have excellent clinical outcomes after 
surgery. Lymph node metastasis (LNM) is common in 
thyroid carcinoma. A number of previous studies have 
reported that the incidence of central or lateral lymph 
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node metastasis in PTC is approximately 23.0–51.7%. 
Previous studies demonstrated that the size and num-
ber of lymph node metastases based on preoperative 
imaging studies and postoperative  pathology signifi-
cantly reflect patient prognosis [1–3].

The most recent tumor-node-metastasis staging sys-
tem 8th edition of the American Joint Commission on 
Cancer (AJCC 8th) now stages differentiated thyroid 
cancer (DTC) based only on the presence or absence 
of LN involvement without specifying the location or 
the number of LNs [4]. In the 2015 American Thyroid 
Association (ATA) guidelines [5], the risk stratification 
system has three tiers and uses clinicopathologic fea-
tures available at the time of initial treatment to clas-
sify DTC patients as having either a low, intermediate 
or high risk of either recurrence or persistent disease. 
The low-risk and intermediate-risk PTC subgroups are 
common clinically. The recurrence risk intermediate-
risk PTC is approximately 20%. The intermediate-risk 
PTC subgroup has more aggressive disease and experi-
ences more recurrence or distant metastasis from LNM 
than the low-risk PTC subgroup. The high-risk PTC 
subgroup undoubtedly has the most aggressive disease. 
However, with the popularization of physical examina-
tions, high-risk PTC is rarely seen clinically.

Recently, clinical N1 (cN1) and > 5 pathologic N1 
(pN1) were considered in the postoperative stratifica-
tion to have an intermediate recurrence risk according 
to the 2015 ATA guidelines. And the risk factors cN1 
and > 5 pN1 were not included in the original 2009 ini-
tial risk stratification system. Once identified as having 
an intermediate-risk, postoperative treatment, such as 
radioiodine administration and follow-up, may vary.

To differentiate patients with a low risk from patients 
with an intermediate risk, if possible, at a presurgical 
stage, it is essential to appropriately evaluate the clin-
icopathological and ultrasound features of PTC in an 
attempt to better predict patient prognosis and offer 
more appropriate treatment. Additionally, previous 
studies demonstrated that clinical and pathologic node 
metastasis is a strong prognostic factor [6]. Regarding 
LNM in PTC, there have been no previous studies on 
the association of the risk factors of cN1 and > 5 pN1 
with LNM. In the current study, we hypothesized that 
clinical LNM and numbers of pathological LNM were 
potentially associated with intermediate risk strati-
fication in patients with PTC. To better characterize 
patients based on lymph node involvement, the present 
study aimed to investigate which clinicopathologic and 
ultrasound features of PTC are associated with clinical 
LNM and the number of LNM.

Methods
Study cohort
A total of 1136 PTC patients between January 2016 and 
December 2018 at Harbin Medical University Cancer 
Hospital were enrolled. Initially, we reviewed the medical 
records of 1136 PTC patients.

Patients were enrolled if they met all of the follow-
ing inclusion criteria: (1) the patients underwent initial 
total thyroidectomy or subtotal thyroidectomy or lobec-
tomy; (2) the patients underwent ipsilateral or bilateral 
central lymph node dissection (LND) (level VI) with or 
without lateral LND, and at least one lymph node was 
removed from the central compartment (level VI); and 
(3) the patients had no preoperative evidence of distant 
metastasis.

The exclusion criteria primarily consisted of other 
pathologic types of thyroid cancer, pT4a gross ETE, pN1 
with any metastatic LNs ≥ 3  cm along the largest diam-
eter (high-risk structural disease recurrence accord-
ing to the ATA), pN1 with extranodal extension (ENE) 
and > 3 LNs involved (high-risk structural disease recur-
rence according to the ATA), a history of thyroid or neck 
surgery, another primary tumor, a history of irradiation 
involving the neck region, and cases missing important 
data.

Finally, we included 748 PTC patients (median age, 
48 years; range, 19–74 years; 640 women and 108 men). 
The preoperative LNM status was evaluated with high‐
resolution neck ultrasound(US).

The Institutional Review Board of Harbin Medical Uni-
versity Cancer Hospital approved this study. The need for 
informed consent was waived because of the retrospec-
tive nature of the cohort study.

Clinicopathological and US features
All patients were initially assessed with an Aixplorer US 
system (Super Sonic Imagine, Aix-en-Provence, France) 
equipped with a linear-array probe of 15–44 MHz by two 
radiologists with 7 years of experience in thyroid US. We 
obtained data including capsule contact, Chinese thy-
roid imaging reporting and data system (C-TIRADS) and 
shear wave elastography (SWE) imaging of the suspicious 
lesion.

The C-TIRADS features of the thyroid lesions were 
regarded as suspicious US features for malignancy: verti-
cal orientation, ill-defined or irregular margins (including 
extrathyroidal extension), microcalcifications, solid, and 
markedly hypoechoic [7].

Shear Wave Elastography (SWE) Imaging
After conventional US, elastography information was 
obtained according to the quantitative elasticity index on 
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SWE. SWE values were routinely obtained and recorded, 
including the maximum (Emax) and mean (Emean) elastic-
ity values (kPa) and the elastic ratio (ER, the mean stiff-
ness for the lesion to the normal parenchyma).

According to the 2015 ATA guidelines, cN1 and > 5 
pN1 were considered to have an intermediate risk strati-
fication for structural disease recurrence in patients with 
PTC.cN1 was defined as the presence of suspicious neck 
LNs identified by preoperative physical examination, pre-
operative imaging (US and/or CT), and/or intraoperative 
inspection. > 5 pN1 was defined as more than 5 meta-
static lymph nodes in postoperative pathology.

All data were classified depending on whether they 
were cN1 (subdivided into cN0 and cN1) and whether 
they were > 5 pN1 (subdivided into > 5 pN1 and ≤ 5 pN1). 
Through the retrospective review of clinical data and 
pathologic reports, clinicopathological and US features 
were recorded. Clinicopathological and US features in 
PTC patients were conducted to find the risk factors of 
cN1 and > 5pN1 respectively.

The clinicopathological and US factors of cN1 in PTC 
included age, sex, Hashimoto’s thyroiditis (HT), nodular 
goiters, multifocality, bilaterality, primary tumor size, 
extrathyroidal extensions (ETE), capsule contact, SWE, 
central LNM, 5pN1.The clinicopathological and US fac-
tors of 5pN1 in PTC included age, sex, HT, nodular 
goiters, multifocality, bilaterality, primary tumor size, 
ETE, capsule contact, SWE, C-TIRADS grade, central 
LNM.

Thyroid surgery
All patients underwent total or subtotal thyroidectomy 
or lobectomy with bilateral or ipsilateral central neck dis-
section with or without lateral neck dissection. Patients 
underwent subtotal thyroidectomy or lobectomy with 
ipsilateral central neck dissection. Central neck dissec-
tion includes dissection of the pretracheal, prelaryngeal, 
and ipsilateral paratracheal LNs. Lateral neck dissection 
was performed when at least one lateral lymph node sus-
picious for metastasis was detected on preoperative US 
or confirmed through US findings, fine needle aspiration 
(FNA) cytology, or surgical exploration. The histopatho-
logic results were reviewed for pathologic TNM staging 
and the status of neck lymph node metastasis. The num-
ber of pN1 lesions was calculated including both lateral 
compartment lymph nodes (level II, III, IV, And V) and 
ipsilateral or bilateral central compartment lymph nodes 
(level VI).

Statistical analysis
SPSS 20.0 software was used for statistical analysis, and 
bilateral test results are given (test level α = 0.05). p < 0.05 
was considered statistically significant. Statistical analysis 

of the collected data was performed, and univariate 
analysis was conducted for different groups to identify 
risk factors related to lymph node metastasis. The T’ test 
was used to analyze the homogeneity and heterogeneity 
of variance. For count data, N (%) values and chi-square 
tests were used for analysis. Variables with statisti-
cally significant distribution differences among different 
groups in univariate analysis were included in the multi-
variate logistic model to explore independent influencing 
factors related to lymph node metastasis.

Results
A detailed presentation of the clinicopathological char-
acteristics of patients at initial treatment for PTC can be 
accessed in Table 1.

Demographics and clinicopathological and ultrasound 
features
Our cohort comprised 640 (85.56%) females and 108 
(14.44%) males among the 748 patients, and the mean 
age of the patients was 48.1 ± 14.2 years. Seventy-nine 
patients were > 55 years old (10.56%). The median tumor 
size was 0.93 ± 0.76  cm, and 540 patients (72.19%) 

Table 1  Clinicopathological features of patients at initial 
treatment of PTC

LND Lateral neck dissection, CND Central neck dissection
a  pT stage, pN stage as AJCC 8th edition Tumor-Node-Metastasis Staging System

Number of patients

Gender (M:F) 1:5.9

  Female 640 (85.6%)

  Male 108 (14.4%)

Age(years) 48.1 ± 14.2

   ≤ 40 246 (32.9%)

   > 40 and ≤ 55 423 (56.6%)

   > 55 79 (10.5%)

Tumor size, cm 0.93 ± 0.76

Thyroidectomy

  Total thyroidectomy 538 (71.9%)

  Subtotal thyroidectomy or lobectomy 210(28.1%)

Lymph node dissection

  LND + CND 417 (55.7%)

  CND only 331 (44.3%)

pT stagea

  T1 540 (72.2%)

  T2 170 (22.7%)

  T3 38 (5.0%)

pN stagea

  N0 489 (65.4%)

  N1a 217 (29.0%)

  N1b 42 (5.6%)
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were papillary thyroid microcarcinoma (PTMC). 531 
patients (70.99%) were pN0.HT was not frequently 
detected (n = 81, 10.82%) in cN1 PTC (n = 5, 0.7%) and 
in pN1 PTC (n = 4, 0.5%). Nodular goiters were found 
in 351 patients (46.93%). The majority of tumors were 
unilateral (n = 462, 61.76%), unifocal (n = 607, 81.15%) 
and had capsule contact (n = 473, 63.24%). Histologi-
cal ETE was present in 243 (32.49%) patients, and 67 
(27.57%) had aggressive extension to the perithyroidal 
soft tissue. The C-TIRADS was established based on 
the counting method by dividing thyroid nodules into 
the following categories: Category 4a (69,9.22%), Cat-
egory 4b (153,20.45%), Category 4c (466,62.30%), and 
Category 5 (60,8.02%) based on ultrasound evaluation.

Association between cN1 and clinicopathological features
Among the 748 included PTC patients, there were 688 
cN0 cases and 60 cN1 cases. Comparisons of clinico-
pathological and US characteristics between the 2 
groups of patients with PTC are shown in Table 2. We 
found a significant association between cN1 and the 
primary tumor size, capsule contact, ETE, Emax, ER 
and distribution of central LNM (p < 0.05). Multivariate 
logistic regression analysis demonstrated that primary 
tumor size > 2  cm (OR = 5.05 (95% CI 1.88–13.55); 
p = 0.01), capsule contact (OR = 5.77 (95% CI 1.27–
26.30); p = 0.02), ETE (OR = 4.20 (95% CI 1.78–8.98); 
p = 0.01), central LNM (OR = 5.18 (95% CI 2.22–12.06); 
p < 0.001) and number of pN1 (OR = 9.52 (95% CI 4.04–
22.43); p < 0.001) remained independent risk factors for 
cN1 in PTC patients (Table 3).

Association between pN1 and clinicopathological features
Among the 748 included PTC patients, 707 cases 
had ≤ 5 LNs involved, and 41 cases had > 5 LNs involved 
pathologically. Comparisons of the clinicopathological 
and US characteristics between the 2 groups of patients 
with PTC are shown in Table  4. Univariate statistical 
analysis showed that there were significant differences 
in the multifocality, primary tumor size, capsule con-
tact, ETE, C-TIRADS grade, Emax, ER and central LNM 
between the two groups (p < 0.05). Multivariate logistic 
regression analysis after univariate statistical analy-
sis demonstrated that multifocality (OR = 2.70 (95% 
CI 1.31–5.56); p = 0.01), primary tumor size > 2  cm 
(OR = 2.25 (95% CI 1.05–4.83); p = 0.01), capsule con-
tact (OR = 4.62 (95% CI 1.70–12.57); p = 0.03) and ETE 
(OR = 4.81 (95% CI 2.09–11.06); p < 0.001) were inde-
pendent risk factors for having > 5 pathological LNs 
involved (Table 5, Fig. 1).

Discussion
Although the metastatic spread of PTC to the cervical 
LNs does not seem to affect overall or disease-specific 
survival, it does increase the risk of local or regional 
recurrence of the tumor and the need for further sur-
gery and follow-up. The evaluation of cervical LNM is 
very important for determining the appropriate extent 
of LND and patient prognosis. Because all LNM do not 
affect the prognosis of patients equally [8], the need for 
the risk stratification of LNM has been suggested. The 
risk of structural disease recurrence varies according to 
the presence of clinically apparent LNs, the number of 
LN metastases, and the presence of ENE [9, 10]. Now the 
2015 ATA guidelines are the most commonly used for 
PTC, its ability to predict persistent disease and recur-
rence has been validated through three tiers risk strati-
fication system. The 2015 ATA guidelines classified cN1 
and > 5 pN1 as having an intermediate risk. In patients 
with intermediate risk PTC, the risk of persistent disease 
and recurrence was higher than in patients with low-risk 
PTC (20% vs. 5%). The parameters of cN1 and > 5 pN1 
were not included in the original 2009 initial risk strati-
fication system. A few studies have attempted to explore 
the association of LNM with clinicopathologic and ultra-
sound features of the primary tumor [11, 12]. Thus, 
it would be useful to examine preoperative cN1 and 
pN1 data to predict intermediate risk in PTC patients. 
The results showed that multifocality, primary tumor 
size > 2 cm, capsule contact, ETE and central LNM were 
independent risk factors for intermediate risk in PTC 
patients.

This study shows that primary tumor size > 2 cm, cap-
sule contact, ETE and central LNM independent affected 
cN1. Cervical LNMs are quite common in the cN0 
patients, they usually are very small in size and number. 
They can’t be detected before surgery. cN1 were identi-
fied by preoperative physical examination, US, CT imag-
ing and/or intraoperative inspection. In the clinic, thyroid 
disease and LNs are commonly detected during preop-
erative evaluation by US. US can directly and accurately 
detect lateral cervical LNM and obvious central LNM. 
If central metastatic nodes are masked by surrounding 
structures in the central neck, clavicle and sternum, US 
can determine the status of the thyroid nodule. Although 
US results cannot replace pathological results, most stud-
ies have found that ultrasound results are consistent with 
pathological results [13]. When preoperative US show 
primary tumor size > 2 cm and capsule contact, they may 
indicate cN1 and an intermediate risk.

The study shows that multifocality, primary tumor 
size > 2 cm, capsule contact and ETE are risk factors the 
pathological involvement of > 5 LNs. Fortunately, some 
risks of LNM can be detected preoperatively with US, 
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such as multifocality, primary tumor size, and capsule 
contact and gross ETE. However, other risks, such as 
minor ETE, are often only identified in the final surgical 
pathology. Several researchers have similarly found the 
prognostic importance of ETE. ETE is a strong predictor 
of clinical outcome and is an important prognostic fac-
tor in PTC patients [14]. Ito et al. showed that ETE was 

associated with worse disease-free survival and cause-
specific survival [15, 16]. This prognostic effect of ETE, 
which is greater than that of multifocality, primary tumor 
size and capsule contact, has implications for future 
updates of the PTC classification of the TNM system 
from stage T1 or T2 to stage T3. According to research, 
the ETE of tumors is known to be associated with cancer 

Table 2  Comparisons of clinicopathological features between cN0 and cN1 of PTC patients

HT Hashimoto’s thyroiditis, ETE Extrathyroidal extension, SWE Shear wave elastography, Emax the maximum elasticity values, Emean the mean elasticity values, ER elastic 
ratio, LNM lymph mode metastasis, pN1 pathologic N1, * statistically significant

Variable Total (n = 748) cN0 (n = 688) cN1 (n = 60) χ2 p

Age (years) 3.31 0.19

   ≤ 40 246 220 (32.0%) 26 (43.3%)

   > 40 and ≤ 55 423 395 (57.4%) 28 (46.7%)

   > 55 79 73 (10.6%) 6 (10.0%)

Gender 1.63 0.20

  Male 108 96 (14.0%) 12 (20.0%)

  Female 640 592 (86.0%) 48 (80.0%)

HT 0.42 0.52

  No 667 612 (89.0%) 55 (91.7%)

  Yes 81 76 (11.0%) 5 (8.3%)

Nodular goiters 2.49 0.12

  No 397 371 (53.9%) 26 (43.3%)

  Yes 351 317 (46.1%) 34 (56.7%)

Multifocality 1.61 0.20

  No 607 562 (81.7%) 45 (75.0%)

  Yes 141 126 (18.3%) 15 (25.0%)

Bilaterality 0.00 0.98

  No 462 425 (61.8%) 37 (61.7%)

  Yes 286 263 (38.2%) 23 (38.3%)

Primary tumor size 74.89  < 0.001*

   ≤ 1 cm 540 520 (75.6%) 20 (33.3%)

   > 1 and ≤ 2 cm 170 145 (21.1%) 25 (41.7%)

   > 2 cm 38 23 (3.3%) 15 (25.0%)

Capsule contact 31.36  < 0.001*

  No 275 273 (39.7%) 2 (3.3%)

  Yes 473 415 (60.3%) 58 (96.7%)

ETE 82.02  < 0.001*

  No 505 496 (72.1%) 9 (15.0%)

  Yes 243 192 (27.9%) 51 (85.0%)

SWE imaging

  Emax 748 54.87 ± 14.55 61.70 ± 11.90 -2.92  < 0.001*

  Emean 748 44.01 ± 11.97 46.80 ± 9.82 -1.36 0.08

  ER 748 1.85 ± 0.46 2.16 ± 0.48 -4.97  < 0.001*

Central LNM 101.56  < 0.001*

  No 534 525 (76.3%) 9 (15.0%)

  Yes 214 163 (23.7%) 51 (85.0%)

Number of pN1 205.02  < 0.001*

   ≤ 5 pN1 707 675 (98.1%) 32 (53.3%)

   > 5 pN1 41 13 (1.9%) 28 (46.7%)
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cell proliferation and invasiveness, and greater invasive-
ness is usually correlated with a higher risk of LNM. For 
multifocality, in the present study, the incidence of mul-
tifocality was comparable to previously reported rates, 
ranging from 6.7% to 14.6%, and this factor was identi-
fied as the sole predictor of recurrence [17]. This was 
partially because more malignant neoplasms increase the 
chance of lymphatic spread. Preoperative multifocality 
US evaluation was highly consistent with postoperative 
pathology. Studies have shown that multifocality is asso-
ciated with central LNM and not with lateral LNM [18]. 
Because central LNs may not be easily found clinically 
due to being masked by a surrounding structure, this may 
be why multifocality is associated with pN1 and not with 
cN1.

Characteristics of the LNM can further discriminate 
the risk of recurrence, especially in intermediate risk 
patients with clinically evident metastasis and multi-
ple metastases [5]. The aim of the study was to identify 
clinicopathologic and US features of PTC for intermedi-
ate risk of cN1 and pN5. We concluded that multifocal-
ity, primary tumor size > 2 cm, capsule contact, ETE and 
central LNM were independent risk factors for interme-
diate risk. Once identified as having an intermediate-risk, 
particularly through preoperative US, the treatment may 
begin immediately and can be aggressive, involving total 
thyroidectomy and prophylactic LND and RAI admin-
istration or active follow-up strategies. If identified as 

having a low-risk, active surveillance, ablation treatment 
or thyroid lobectomy could be taken. Clinical and ultra-
sound factors that revealed preoperatively is a crucial ele-
ment in the management of the PTC patients. Also, this 
finding can help the surgeon plan the extent of surgery, 
resulting in a reduction in the number of total thyroidec-
tomy, which is associated with potentially greater compli-
cations than lobectomy.

The prognosis was not analyzed. There may be local 
or regional LNs recurrence in some cases during follow-
up. Many studies were the conclusions that the effect of 
the presence of LNM on overall survival is small. The 
relatively good overall prognosis of the ATA intermediate 
risk group are important considerations in RAI decision-
making. We advise that the strategy for treating patients 
with intermediate-risk PTC should be defined on a case-
by-case basis.

This study had some limitations. First, the most 
important limitation was the retrospective design of 
the study, which may have led to selection bias and 
the loss of some clinicopathological characteristics. 
Second, the prediction of recurrence in patients with 
intermediate-risk PTC should be further developed. 
The data should give a thought to the location and 
size of metastatic foci. Third, we did not classify the 
PTC patients either by basing on histological subtypes 
or dividing LN metastases (N1a and N1b), which may 
be associated with intermediate risk of recurrence. At 

Table 3  Risk factors for cN1 in patients with PTC

OR Odds ratio, CI Confidence interval

Variable Univariate analysis Multivariate analysis

OR 95% CI p OR 95% CI p

Age (reference: ≤ 40 — — —

   > 40 and ≤ 55 0.60 0.34 ~ 1.05 0.07

   > 55 0.70 0.28 ~ 1.76 0.44

Gender (Female vs. Male) 0.65 0.33 ~ 1.27 0.20

HT (yes vs. no) 0.73 0.28 ~ 1.89 0.52

Nodular goiters (yes vs. no) 1.53 0.90 ~ 2.61 0.12

Multifocality (yes vs. no) 1.49 0.80 ~ 2.75 0.21

Bilaterality (yes vs. no) 1.01 0.58 ~ 1.73 0.98

Primary tumor size (reference: ≤ 1 cm) — — —

   > 1and ≤ 2 cm 4.48 2.42 ~ 8.30  < 0.001* 1.71 0.80 ~ 3.62 0.17

   > 2 cm 16.96 7.70 ~ 37.33  < 0.001* 5.05 1.88 ~ 13.55 0.01*

Capsule contact (yes vs. no) 19.08 4.62 ~ 78.76  < 0.001* 5.77 1.27 ~ 26.30 0.02*

ETE (yes vs. no) 14.64 7.07 ~ 30.32  < 0.001* 4.20 1.78 ~ 9.92 0.01*

Emax 1.03 1.01 ~ 1.05 0.001*

Emean 1.02 0.99 ~ 1.04 0.08

ER 3.27 1.99 ~ 5.35  < 0.001*

Central LNM (yes vs. no) 18.25 8.80 ~ 37.88  < 0.001* 5.18 2.22 ~ 12.06  < 0.001*

Number of pN1 (> 5 vs. ≤ 5) 45.43 21.52 ~ 95.92  < 0.001* 9.52 4.04 ~ 22.43  < 0.001*
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last, the number of patients included represents a rela-
tively small cohort in a single center. To ensure a larger 
and more representative sample, multicenter studies 
are required.

Conclusions
In the study, the incorporation of the 2015 ATA guidelines 
into our practice has obtained patients with intermediate-
risk PTC to stratified risk factors of clinicopathological 

Table 4  Comparisons of clinicopathological features between ≤ 5 pN1 and > 5 pN1 of PTC patients

Variable Total (n = 748)  ≤ 5 pN1 (n = 707)  > 5 pN1 (n = 41) χ2 p

Age(years) 4.24 0.12

   ≤ 40 246 227 (32.1%) 19 (46.3%)

   > 40 and ≤ 55 423 406 (57.4%) 17 (41.5%)

   > 55 79 74 (10.5%) 5 (12.2%)

Gender 0.90 0.34

  Male 108 100 (14.1%) 8 (19.5%)

  Female 640 607 (85.9%) 33 (80.5%)

HT 0.00 1.00

  No 667 630 (89.1%) 37 (90.2%)

  Yes 81 77 (10.9%) 4 (9.8%)

Nodular goiters 0.52 0.47

  No 397 373 (52.8%) 24 (58.5%)

  Yes 351 334 (47.2%) 17 (41.5%)

Multifocality 8.92 0.003*

  No 607 581 (82.2%) 26 (63.4%)

  Yes 141 126 (17.8%) 15 (36.6%)

Bilaterality 3.10 0.08

  No 462 442 (62.5%) 20 (48.8%)

  Yes 286 265 (37.5%) 21 (51.2%)

Primary tumor size 41.56  < 0.001*

   ≤ 1 cm 540 526 (74.4%) 14 (34.1%)

   > 1 and ≤ 2 cm 170 152 (21.5%) 18 (43.9%)

   > 2 cm 38 29 (4.1%) 9 (22.0%)

Capsule contact 18.97  < 0.001*

  No 275 273 (38.6%) 2 (4.9%)

  Yes 473 434 (61.4%) 39 (95.1%)

ETE 45.57  < 0.001*

  No 505 497 (70.3%) 8 (19.5%)

  Yes 243 210 (29.7%) 33 (80.5%)

C-TIRADS 213.6  < 0.001*

  Category 4a 69 68 (9.5%) 1 (2.4%)

  Category 4b 153 150 (21.2%) 3 (7.3%)

  Category 4c 466 457 (64.6%) 9 (22.0%)

  Category 5 60 32 (4.5%) 28 (68.3%)

SWE imaging

  Emax 748 55.05 ± 14.31 61.80 ± 15.89 -2.92 0.004*

  Emean 748 44.09 ± 11.85 46.68 ± 11.38 -1.36 0.17

  ER 748 1.86 ± 0.46 2.14 ± 0.54 -3.68  < 0.001*

Central LNM 108.24  < 0.001*

  No 534 534 (75.5%) 0 (0.0%)

  Yes 214 173 (24.5%) 41 (100.0%)
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features. We concluded that multifocality, primary tumor 
size > 2  cm, capsule contact, ETE and central LNM were 
independent risk factors for both cN1 and > 5 pN1 and 
the risk factors were related to intermediate risk. Clini-
cal and US factors including multifocality, primary tumor 
size > 2  cm, capsule contact and gross ETE that revealed 

preoperatively are crucial in PTC patients. Now, a major 
unresolved problem is how to manage patients with inter-
mediate-risk PTC. At least, ultrasonography is a good tech-
nique for the preoperative LN staging of PTC and is helpful 
for detecting LNM in the central and lateral group.

Abbreviations
PTC: Papillary thyroid carcinoma; LN: Lymph node; LNM: Lymph mode metas-
tasis; AJCC8th: 8Th edition of the American Joint Commission on Cancer; 
DTC: Differentiated thyroid cancer; ATA​: American Thyroid Association; cN1: 
Clinical N1; pN1: Pathologic N1; LND: Lymph node dissection; HT: Hashimoto’s 
thyroiditis; ETE: Extrathyroidal extensions; SWE: Shear wave elastography; 
C-TIRADS: Chinese Thyroid Imaging Reporting and Data System; FNA: Fine 
needle aspiration; RAI: Postsurgical radioiodine; CT: Computed tomography; 
cN0: Clinical N0; ENE: Extranodal extension; TNM: Tumor node metastasis.

Acknowledgements
We thank Qiucheng Wang for her help with the revision of manuscript.

Authors’ contributions
C Z, WC and YH Z designed the study and drafted the manuscript. BJ Land 
LZ collected the data. FJ C performed statistical analysis. All authors read and 
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This retrospective study was approved by the Ethics Committee of the Harbin 
Medical University Cancer Hospital and was granted a waiver of written 
informed consent for use of data. The need for informed consent from all 

Table5  Risk factors for > 5 LN involved in patients with PTC

Variable Univariate analysis Multivariate analysis

OR 95% CI p OR 95% CI p

Age (reference: ≤ 40) — — —

   > 40 and ≤ 55 0.50 0.26 ~ 0.98 0.04*

   > 55 0.81 0.29 ~ 2.24 0.68

Gender (Female vs. Male) 0.68 0.31 ~ 1.51 0.34

HT (yes vs. no) 0.89 0.31 ~ 2.55 0.82

Nodular goiters (yes vs. no) 0.79 0.42 ~ 1.50 0.47

Multifocality (yes vs. no) 2.66 1.37 ~ 5.17 0.004* 2.70 1.31 ~ 5.56 0.01*

Bilaterality (yes vs. no) 1.75 0.93 ~ 3.29 0.08

Primary tumor size (reference: ≤ 1 cm) — — —

   > 1 and ≤ 2 cm 4.45 2.16 ~ 9.15  < 0.001* 2.25 1.05 ~ 4.83 0.05

   > 2 cm 11.66 4.66 ~ 29.17  < 0.001* 4.62 1.70 ~ 12.57 0.01*

Capsule contact (yes vs. no) 12.27 2.94 ~ 51.21 0.001* 5.08 1.16 ~ 22.24 0.03*

ETE (yes vs. no) 9.76 4.44 ~ 21.49  < 0.001* 4.80 2.09 ~ 11.06  < 0.001*

Emax 1.03 1.01 ~ 1.05 0.004*

Emean 1.02 0.99 ~ 1.05 0.17

ER 2.85 1.60 ~ 5.088  < 0.001*

Fig. 1  Ultrasound features of the PTC tumor and lymph node: a1 
and a2 show tumor size > 2 cm and capsule contact; b1 and b2 show 
extrathyroidal extensions (ETE); c1 and c2 show capsule contact and 
lateral metastatic lymph node (III): the lymph node appear enlarged, 
round



Page 9 of 9Zhang et al. BMC Cancer          (2022) 22:354 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

patients was waived due to the study’s retrospective nature. All methods were 
performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Medical Ultrasound, Harbin Medical University Cancer Hospi-
tal, Harbin 150081, Heilongjiang, China. 2 Department of Head and Neck Sur-
gery, Harbin Medical University Cancer Hospital, Harbin 150081, Heilongjiang, 
China. 3 Department of Interventional Ultrasound, Harbin Medical University 
Cancer Hospital, Harbin 150081, Heilongjiang, China. 

Received: 11 November 2021   Accepted: 30 March 2022

References
	1.	 Adam MA, Pura J, Goffredo P, Dinan MA, Reed SD, Scheri RP, Hyslop T, 

Roman SA, Sosa JA. Presence and number of lymph node metastases are 
associated with compromised survival for patients younger than age 45 
years with papillary thyroid cancer. J Clin Oncol. 2015;33(21):2370–5.

	2.	 Sun Y, Liu X, Ouyang W, Feng H, Wu J, Chen P, Wang J. Lymph node 
characteristics for predicting locoregional recurrence of papillary thyroid 
cancer in adolescents and young adults. Oral Oncol. 2017;66:22–7.

	3.	 Lee J, Song Y, Soh EY. Prognostic significance of the number of 
metastatic lymph nodes to stratify the risk of recurrence. World J Surg. 
2014;38(4):858–62.

	4.	 Tran B, Roshan D, Abraham E, Wang L, Garibotto N, Wykes J, Campbell P, 
Ebrahimi A. An analysis of the American Joint Committee on Cancer 8th 
edition T staging system for papillary thyroid carcinoma. J Clin Endocrinol 
Metab. 2018;103(6):2199–206.

	5.	 Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, 
Pacini F, Randolph GW, Sawka AM, Schlumberger M, et al. 2015 American 
thyroid association management guidelines for adult patients with 
thyroid nodules and differentiated thyroid cancer: the American thyroid 
association guidelines task force on thyroid nodules and differentiated 
thyroid cancer. Thyroid. 2016;26(1):1–133.

	6.	 Povoa AA, Teixeira E, Bella-Cueto MR, Melo M, Oliveira MJ, Sobrinho-
Simoes M, Maciel J, Soares P. Clinicopathological features as prognostic 
predictors of poor outcome in papillary thyroid carcinoma. Cancers 
(Basel). 2020;12(11):3186.

	7.	 Zhou J, Song Y, Zhan W, Wei X, Zhang S, Zhang R, Gu Y, Chen X, Shi L, 
Luo X, et al. Thyroid imaging reporting and data system (TIRADS) for 
ultrasound features of nodules: multicentric retrospective study in China. 
Endocrine. 2021;72(1):157–70.

	8.	 Randolph GW, Duh QY, Heller KS, LiVolsi VA, Mandel SJ, Steward DL, 
Tufano RP, Tuttle RM. American thyroid association surgical affairs com-
mittee’s taskforce on thyroid cancer nodal S: the prognostic significance 
of nodal metastases from papillary thyroid carcinoma can be stratified 
based on the size and number of metastatic lymph nodes, as well as the 
presence of extranodal extension. Thyroid. 2012;22(11):1144–52.

	9.	 Jianyong L, Jinjing Z, Zhihui L, Tao W, Rixiang G, Jingqiang Z. A nomo-
gram based on the characteristics of metastatic lymph nodes to predict 
papillary thyroid carcinoma recurrence. Thyroid. 2018;28(3):301–10.

	10.	 Wu MH, Shen WT, Gosnell J, Duh QY. Prognostic significance of extran-
odal extension of regional lymph node metastasis in papillary thyroid 
cancer. Head Neck. 2015;37(9):1336–43.

	11.	 Mao J, Zhang Q, Zhang H, Zheng K, Wang R, Wang G. Risk factors for 
lymph node metastasis in papillary thyroid carcinoma: a systematic 
review and meta-analysis. Front Endocrinol (Lausanne). 2020;11:265.

	12.	 Oh HS, Park S, Kim M, Kwon H, Song E, Sung TY, Lee YM, Kim WG, Kim TY, 
Shong YK, et al. Young age and male sex are predictors of large-volume 
central neck lymph node metastasis in clinical N0 papillary thyroid micro-
carcinomas. Thyroid. 2017;27(10):1285–90.

	13.	 Wu LM, Gu HY, Qu XH, Zheng J, Zhang W, Yin Y, Xu JR. The accuracy of 
ultrasonography in the preoperative diagnosis of cervical lymph node 

metastasis in patients with papillary thyroid carcinoma: a meta-analysis. 
Eur J Radiol. 2012;81(8):1798–805.

	14.	 Youngwirth LM, Adam MA, Scheri RP, Roman SA, Sosa JA. Extrathyroidal 
extension is associated with compromised survival in patients with 
thyroid cancer. Thyroid. 2017;27(5):626–31.

	15.	 Ito Y, Kudo T, Kobayashi K, Miya A, Ichihara K, Miyauchi A. Prognostic 
factors for recurrence of papillary thyroid carcinoma in the lymph nodes, 
lung, and bone: analysis of 5,768 patients with average 10-year follow-up. 
World J Surg. 2012;36(6):1274–8.

	16.	 Ito Y, Miyauchi A, Kihara M, Kobayashi K, Miya A. Prognostic values of 
clinical lymph node metastasis and macroscopic extrathyroid extension 
in papillary thyroid carcinoma. Endocr J. 2014;61(8):745–50.

	17.	 Ahn D, Lee GJ, Sohn JH. Recurrence following hemithyroidectomy in 
patients with low- and intermediate-risk papillary thyroid carcinoma. Br J 
Surg. 2020;107(6):687–94.

	18.	 Al Afif A, Williams BA, Rigby MH, Bullock MJ, Taylor SM, Trites J, Hart RD. 
Multifocal papillary thyroid cancer increases the risk of central lymph 
node metastasis. Thyroid. 2015;25(9):1008–12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Clinicopathological and ultrasound features as risk stratification predictors of clinical and pathological nodal status in papillary thyroid carcinoma: a study of 748 patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study cohort
	Clinicopathological and US features
	Shear Wave Elastography (SWE) Imaging
	Thyroid surgery
	Statistical analysis

	Results
	Demographics and clinicopathological and ultrasound features
	Association between cN1 and clinicopathological features
	Association between pN1 and clinicopathological features

	Discussion
	Conclusions
	Acknowledgements
	References


